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(54)

(57)  The present invention facilitates a handoff be-
tween cellular and wireless local area networks
(WLANS). To facilitate a WLAN interface with the cellular
network, a proxy packet control function (P-PCF) estab-
lishes a data tunnel to a packet data serving node (PD-
SN), as well as a WLAN association with a mobile termi-
nal. The WLAN association is a tunnel, and is preferably
implemented via an Access Router acting as a liaison
between the proxy PCF and an Access Point. The Access
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Description

[0001] Thisapplication claims the benefit of provisional
patent application serial number 60/383,546 filed May
28, 2002, the disclosure of which is hereby incorporated
by reference in its entirety.

Field of the Invention

[0002] The present invention relates to wireless com-
munications, and in particular to facilitating handoffs be-
tween different wireless communication technologies,
such as cdma2000 and 802.11 based wireless area net-
works.

Background of the Invention

[0003] The continued growth of wireless communica-
tions has led to traditional cellular networks facilitating
data and voice communications with various types of mo-
bile terminals, such as mobile telephones, personal dig-
ital assistants, and personal computers configured with
appropriate wireless modems. Recently, wireless local
area networks (WLANs) have come to fruition, and are
expanding at a rapid rate. Typically, personal computers
and like computing devices are equipped with wireless
modems to facilitate wireless communications between
the computing device and one or more Access Points,
which facilitate wireless communications with the com-
puting device and a traditional local area network.

[0004] In addition to the introduction of WLAN stand-
ards (IEEE 802.1a/b/g), cellular standards (CDMA,
UMTS) are evolving to facilitate data communication;
however, none of these standards are compatible at a
radio interface level with those used for WLANSs. At the
same time, users increasingly need an "always on" data
communication ability regardless of their location. Cellu-
lar wireless networks and WLANs complement each oth-
er, in terms of where they provide coverage: cellular wire-
less networks are ubiquitous, whereas WLANSs currently
only provide spot coverage - albeit often in places where
the cellular wireless radio signal has difficulty penetrat-
ing, such as inside buildings and in underground public
transport stations. As users move from a coverage area
of one radio technology into a coverage area of another
radio technology, radio coverage of the two technologies
could in some cases overlap, and in others not. Where
radio coverage does not overlap, there is a clear benefit
to being able to switch from one radio technology to the
other when the coverage or radio signal changes. Even
in the cases where the radio coverage overlaps, by
switching radio technology, users could benefit from the
higher throughput offered currently by any one of the
WLAN radio technologies compared to any one of the
cellular radio technologies. In this kind of an integrated,
dual-radio and in general, multi-radio environment, there
is a need to provide an efficient and uninterrupted tran-
sition from being serviced by one radio technology to
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being serviced by another radio technology. Such a tran-
sition is referred to as an inter-technology handoff.

[0005] Accordingly, there is a need for a technique to
facilitate handoffs between cellular networks and WLANs
in an efficient and effective manner. Further, there is a
need to minimize the impact of handoffs on existing net-
work infrastructures to minimize the implementation cost
for a system capable of providing such handoffs. Finally,
there is a need to minimize the impact of the handoff
mechanism on the existing cellular and WLAN standards.

Summary of the Invention

[0006] The present invention facilitates a handoff be-
tween cellular and wireless local area networks (WLANS)
without requiring modification of the cellular network. To
facilitate a WLAN interface with the cellular network, a
proxy packet control function (P-PCF) is provided to es-
tablish a data tunnel to a packet data serving node (PD-
SN), as well as to establish a WLAN association with a
mobile terminal. In a layer 3/Internet Protocol (IP) net-
work, the WLAN association is a tunnel, and is imple-
mented via an Access Router acting as a liaison between
the proxy PCF and an Access Point. The Access Router
and the proxy PCF establish an IP tunnel, which carries
the WLAN user’s PPP traffic. Handoffs between the cel-
lular and WLAN networks are facilitated by effecting a
same-PDSN, inter-PCF handoff wherein the communi-
cation session with the mobile terminal is effectively
changed from between the PDSN and the proxy PCF to
between the PDSN and a PCF associated with a base
station controller facilitating the cellular access, and vice
versa.

[0007] For a handoff from a cellular network to a
WLAN, the mobile terminal will recognize the presence
of the WLAN and send a signal that is ultimately provided
to the proxy PCF, which will effect a handoff. This mobile
signal also causes the proxy PCF and the Access Router
to establish a WLAN association. The handoff is imple-
mented by having the PDSN tear down a data tunnel
established for the data communication session between
the PDSN and the PCF of a Base Station Controller
(BSC), and establish a new data tunnel for the commu-
nication session between the PDSN and the proxy PCF,
both on behalf of the mobile terminal. Prior to the estab-
lishment of the new data tunnel, a WLAN association is
established between the mobile terminal and the proxy
PCF, via an Access Router and an Access Point in tra-
ditional fashion. The WLAN association and the new data
tunnel are associated in the proxy PCF to form a com-
munication link for the communication session between
the PDSN and the mobile terminal.

[0008] For a handoff from the WLAN to the cellular
network, the mobile terminal will decide that the WLAN
signal strength is no longer satisfactory, and therefore
direct the data stream towards its cellular radio interface.
This is done in the same fashion as in intra-cellular hand-
offs, just as if it were transitioning from one BSC/PCF to
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another, wherein a radio channel is set up between the
base station controller and the mobile terminal. The PCF
associated with the base station controller and the PDSN
will establish a tunnel therebetween, wherein the data
tunnel is associated with the radio channel to provide a
communication link for the communication session be-
tween the PDSN and the mobile terminal. Prior to estab-
lishing the data tunnel between the PDSN and the PCF
of the base station controller, the original data tunnel be-
tween the proxy PCF and the PDSN is torn down, using
the same-PDSN, inter-PCF handoff procedure. As such,
when the old data channel is torn down and the new data
channel is established, packets or frames of data may
be transmitted back and forth between the mobile termi-
nal and the PDSN to effect the communication session.
[0009] Preferably the handoff mechanism described
herein applies to cdma2000 cellular networks and its suc-
cessors, 1XxEV-DO and 1xEV-DV cellular networks,
cdma2000, and any one of the WLAN 802.11 standards
(a, b, or g). As such, the point-to-point protocol (PPP) is
used to effect data communications between the PDSN
and the mobile terminal. The cdma2000 and 802.11
standards are incorporated herein by reference.

[0010] In one embodiment, the handoff is executed at
the radio link layer, in a manner such that the PPP com-
munication session between the mobile terminal and the
PDSN is maintained before, during, and after the handoff
occurs to provide a seamless handoff. That is, the original
PPP session, as established initially between the mobile
terminal and the PDSN, and regardless of whether it was
initiated via the cellular radio interface or the WLAN radio
interface, is preserved during an unlimited number of
these inter-technology handoffs. For a handoff from a
WLAN to a cellular network, the mobile terminal may be
configured to provide additional information, such as a
bit or flag, indicating that an inter-technology handoff is
occurring to allow a more efficient handoff or to allow the
mobile terminal to be out of a dormant mode when the
handoff occurs. In the cdma2000 standard, the present
invention works well with both the simple IP and mobile
IP modes of operation, and as noted, requires little or no
change in the cellular network.

[0011] The mobile terminal facilitates the handoff by
being able to sense the presence or ability to communi-
cate with a WLAN or cellular network by sensing the pres-
ence or strength of signals being transmitted from the
WLAN or cellular network and determines when to send
a signal to either of the networks to initiate a handoff. The
sensing and switching logic used to facilitate such action
will effectively cooperate with different interfaces capable
of interacting with the cellular network as well as the
WLAN.

[0012] Those skilledinthe art will appreciate the scope
of the present invention and realize additional aspects
thereof after reading the following detailed description of
the preferred embodiments in association with the ac-
companying drawing figures.
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Brief Description of the Drawing Figures

[0013] The accompanying drawing figures incorporat-
ed in and forming a part of this specification illustrate
several aspects of the invention, and together with the
description serve to explain the principles of the inven-
tion.

[0014] FIGURE 1 is a block representation of a com-
munication environment in which one embodiment of the
present invention may be implemented.

[0015] FIGURES 24 illustrate the establishment of
wireless communications via a cellular network accord-
ing to one embodiment of the present invention.

[0016] FIGURES 5-8 illustrate a handoff of communi-
cation services from a cellular network to a wireless local
area network (WLAN) according to one embodiment of
the present invention.

[0017] FIGURES 9-12 illustrate a handoff from the
WLAN back to the cellular network according to one em-
bodiment of the present invention.

[0018] FIGURES 13-16 illustrate the origination of
wireless communications via a WLAN according to one
embodiment of the present invention.

[0019] FIGURE 17 isablockrepresentation of amobile
terminal according to one embodiment of the present in-
vention.

[0020] FIGURE 18 is a block representation of a proxy
packet control function constructed according to one em-
bodiment of the present invention.

Detailed Description of the Preferred Embodiments

[0021] The embodiments set forth below represent the
necessary information to enable those skilled in the art
to practice the invention and illustrate the best mode of
practicing the invention. Upon reading the following de-
scription in light of the accompanying drawing figures,
those skilled in the art will understand the concepts of
the invention and will recognize applications of these con-
cepts not particularly addressed herein. It should be un-
derstood that these concepts and applications fall within
the scope of the disclosure and the accompanying claus-
es.

[0022] The presentinvention provides a technique for
facilitating handoffs between different wireless commu-
nication technologies capable of providing communica-
tion services to mobile terminals, such as mobile tele-
phones, personal computers, personal digital assistants,
and the like. The present invention is particularly bene-
ficial in allowing existing, data-capable cellular commu-
nication networks to effectively support wireless local ar-
ea networks (WLANSs). Referring now to Figure 1, a com-
munication environment 10 is illustrated having one or
more centralized packet networks, such as an Internet
Protocol (IP) network 12 and the Internet 14. These net-
works, in combination with associated cellular networks,
cooperate to facilitate communications between a host
device 16, such as a desktop personal computer, and a
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mobile terminal 18, which may take various forms as de-
scribed above. An exemplary cellular communication
network technology is the 1xRTT/cdma2000 standard,
which will be referred to as cdma2000 hereinafter.
[0023] In the illustrated example, communications be-
tween the host 16 and the mobile terminal 18 are estab-
lished using multiple connections over multiple networks.
For example, a packet data serving node (PDSN) 20 may
facilitate communications between the host 16 and a
base station controller (BSC) 22 of a cdma2000 network,
which is not specifically labeled. The BSC 22 will prefer-
ably include a packet control function (PCF) 24 to estab-
lish a connection and facilitate communications with the
mobile terminal 18 through an appropriate base station
26 and associated antenna 28 in traditional fashion. The
dotted line in Figure 1 illustrates the communication path
between the PDSN 20 and the mobile terminal 18, when
communications are facilitated using the cdma2000 net-
work and communication standard.

[0024] Incontrast, the dashed line represents the com-
munication path between the mobile terminal 18 and the
PDSN 20 when WLAN access is provided. In the pre-
ferred embodiment, a communication device referred to
as a proxy PCF 30 is provided to appear as a PCF 24 in
a BSC 22 to the PDSN 20. The proxy PCF 30 effectively
provides an interface between the cdma2000 infrastruc-
ture and the WLAN infrastructure. As such, the proxy
PCF 30 also facilitates communications between the PD-
SN 20 and the mobile terminal 18 by establishing com-
munication sessions with the PDSN 20 in a fashion iden-
tical to that of the PCF 24, as well as establishing com-
munications with an Access Point (AP) 32 via an Access
Router (AR) 34 to facilitate WLAN communications with
the mobile terminal 18. With this infrastructure, the
present invention effectively and efficiently provides for
handoffs between direct cdma2000 support and WLAN
support of the mobile terminal 18 without requiring sig-
nificant amounts of additional infrastructure.

[0025] Preferably, the WLAN access is based on the
IEEE 802.11 wireless local area network standards,
which facilitate a short-radius radio technology. The
present invention allows for the cdma2000 standard, or
other like communication standard that does not recog-
nize IEEE 802.11 communication, to be easily modified
to not only facilitate communications with IEEE 802.11
devices, but also facilitate efficient handoffs between the
two technologies.

[0026] In general, assume that the point-to-point pro-
tocol (PPP) is used to facilitate communications between
the PDSN 20 and the mobile terminal 18. PPP sessions
are established between the mobile terminal 18 and the
PDSN 20 over different physical layers as will be de-
scribed below. Communication sessions between the
PDSN 20 and another device, such as the host 16, are
established in traditional fashion, such as using the In-
ternet Protocol.

[0027] In an effort to provide comprehensive under-
standing of the present invention, Figures 2-16 illustrate
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in a step-wise fashion the establishment of a standard
cdma2000 communication session between the mobile
terminal 18 and the host 16, followed by a handoff from
the direct cdma2000 wireless interface to the WLAN in-
terface, a handoff from the WLAN interface to the
¢dma2000 interface, and finally the origination of a com-
munication session via the WLAN access interface. With
particular reference to Figure 2, assume a mobile termi-
nal 18 is configured to establish a communication session
with a host 16. Initially, the mobile terminal 18 will send
a signal to the base station 26 to request a radio channel,
which is traditionally done in an initial data session setup
or a dormant-to-active transition, and which will trigger
the establishment of a communication session with the
mobile terminal 18 based on the cdma2000 standard.
The base station 26 will send an origination message to
the BSC 22, which will set up a cdma2000 radio channel
specifically for the mobile terminal 18, as well as establish
a connection with the PCF 24.

[0028] AsshowninFigure 3,the BSC 22 and the PDSN
20 will communicate with one another regarding the re-
quested session by the mobile terminal 18 to trigger the
PDSN 20 to establish an R-P data session between the
PDSN 20 and the PCF 24 such that a communication
session is established between the mobile terminal 18
and the PDSN 20. The R-P data session between the
PDSN 20 and the BSC 22/PCF 24 and the radio channel
between the BSC 22 and the mobile terminal 18 facilitate
both uplink and downlink data communications between
the mobile terminal 18 and the PDSN 20. At this point, a
traditional cdma2000 communication session using PPP
is established between the PDSN 20 and the mobile ter-
minal 18, as shown in Figure 4. Notably, the cdma2000
standard provides for various authentication techniques
prior to establishing the PPP session between the mobile
terminal 18 and the PDSN 20, as will be recognized by
those skilled in the art.

[0029] Preferably, the mobile terminal 18 is configured
with at least two different communication interfaces, one
for communicating with the base station 26 via the an-
tenna 28 for traditional cdma2000 access, and another
for WLAN access. The mobile terminal 18 will preferably
include radio technology sensor and switcher (RTSS)
logic to facilitate the operation and interaction between
these interfaces. The primary functions of the RTSS are
to cooperate with the various interfaces to aid in deter-
mining which interface to use for communications and
control the transition from one interface to another during
a handoff.

[0030] As illustrated in Figure 5, the mobile terminal
18 may transition from an area better served by direct
CDMA access to one capable of being served via WLAN
access via the Access Point 32. As the mobile terminal
18 comes in closer proximity to the Access Point 32, the
RTSS will determine a time when it is best to initiate a
transition from using the cdma2000 interface to using the
WLAN interface and thereby facilitate a communication
session with the host 16 via the Access Point 32 using
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802.11 instead of cdma2000. Essentially, the RTSS in
the mobile terminal 18 will detect the presence and the
strength of the WLAN signal from the Access Point 32,
and send a message directed to the proxy PCF 30 via
the Access Point 32 and the Access Router 34 to indicate
that the mobile terminal 18 is within the coverage area
of the Access Point 32 and initiate a handoff. The Access
Router 34 and Access Point 32 will cooperate with the
mobile terminal 18 to facilitate WLAN access authenti-
cation. The Access Router also establishes a tunnel with
the proxy-PCF to facilitate a communication session be-
tween the Access Router 34 and the proxy PCF 30 by
carrying PPP frames in both directions. The proxy PCF
30 will initiate an intra-PDSN, inter-PCF handoff with the
PDSN 20 that is currently serving the mobile terminal 18.
Since the proxy PCF 30 appears the same as any other
PCF 24 provided by a BSC 22, the PDSN 20 does not
necessarily have to realize that the handoff taking place
will result in the mobile terminal 18 using a different ac-
cess technology.

[0031] In any event, the PDSN 20 performs the inter-
PCF handoff from the PCF 24 to the proxy PCF 30 as
indicated in Figure 6. The effect of the handoff is to create
a new R-P data session between the PDSN 20 and the
proxy PCF 30, and move the existing PPP session as-
sociated with the mobile terminal 18 to the newly created
R-P data session. Once the PPP session has been re-
associated with the new R-P data session, the PDSN 20
will tear down the original R-P data session, as illustrated
in Figure 7. In general, the PPP session will be associated
with an ID and the proxy PCF 30 will create a mapping
between the ID and the session ID associated with the
R-P data session. The proxy PCF 30 will also create a
tunnel with the Access Router 34 on behalf of the mobile
terminal 18 and associate a proxy PCF-AR tunnel ID with
the R-P session ID such that the tunnels on both sides
of the proxy PCF 30 are associated and an overall PPP
session may be established between the PDSN 20 and
the mobile terminal 18, as illustrated in Figure 8.

[0032] Continuing with Figure 8, in general, IP packets
originated by the mobile terminal 18 are encapsulated
into PPP frames for the PPP session and are sent to the
Access Router 34 via the Access Point 32. The Access
Router 34 tunnels the PPP frames to the proxy PCF 30,
which decapsulates the PPP frames, and then encapsu-
lates them into the R-P data session associated with the
mobile terminal 18 for delivery to the PDSN 20. The PD-
SN 20 decapsulates the data from the R-P data session
to recover the original IP packets, which are delivered to
the host 16 in traditional IP fashion. IP packets that orig-
inate at the host 16 travel in an opposite path.

[0033] Turning now to Figure 9, the process of facili-
tating a handoff from WLAN access to direct cdma2000
access is described. As the mobile terminal 18 begins to
leave the coverage area provided by the Access Point
32, the RTSS will detect the loss or fading of the WLAN
radio signal. In one embodiment, the RTSS will assure
that the cdma2000 interface is dormant or inactive, and
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then trigger a dormant-to-active transition procedure via
the cdma2000 interface according to the cdma2000
standard. The base station 26 will receive the trigger and
send an origination message to the BSC 22, which will
set up a radio channel for the mobile terminal 18 as well
as a corresponding connection with the PCF 24. Asiillus-
trated in Figure 10, the PCF 24 initiates an intra-PDSN,
inter-PCF handoff with the PDSN 20 serving the mobile
terminal 18. The PDSN 20 will perform the inter-PCF
handoff by creating a new R-P data session between the
PDSN 20 and the BSC 22 and will then move the existing
PPP session between the PDSN 20 and the proxy PCF
30 to the newly created R-P data session between the
PDSN 20 and the PCF 24, as illustrated in Figure 11.
Next, the PDSN 20 will tear down the previous R-P ses-
sion between the PDSN 20 and the proxy PCF 30 while
the proxy PCF 30 tears down the proxy-AR tunnel be-
tween the proxy PCF 30 and the Access Router 34. At
this point, a handoff from the WLAN access to the
cdma2000 access has been facilitated, wherein the mo-
bile terminal 18 is directly served by cdma2000 access
via the base station 26 and BSC 22 via the PCF 24, as
illustrated in Figure 12.

[0034] Notably, the proxy PCF 30 hides the WLAN
from the PDSN 20 and presents itself to the PDSN 20 as
any other PCF, such as the PCF 24 in the BSC 22. Thus,
the cdma2000 standard for handoff between BSCs 22 is
all that is needed to facilitate handoffs between the
cdma2000 BSC 22 and the WLAN access. In essence,
the WLAN network interface is hidden from the
cdma2000 network by the proxy PCF 30, which appears
to the PDSN 20 as any other cdma2000 PCF 24. Accord-
ingly, WLAN access is appended to a cdma2000 network
via the addition of a proxy PCF 30 and an appropriate
cooperation with the proxy PCF 30 and corresponding
Access Routers 34 and Access Points 32 to facilitate
WLAN access.

[0035] Turning now to Figure 13, the origination of a
WLAN data session from a mobile terminal 18 is depicted.
Initially, a wireless data session is originated between
the mobile terminal 18 and the WLAN radio interface pro-
vided by the Access Point 32 and Access Router 34. The
RTSS of the mobile terminal 18 detects the data session
and sends a message to the proxy PCF 30 to indicate
the presence of the mobile terminal 18 in the Access
Point’s coverage area. The Access Router 34 performs
WLAN-specific access authentication, using the 802.11x
protocol. In the process, the Access Router 34 learns the
¢dma2000 MSID of the mobile terminal 18, preferably
from a RADIUS server. In parallel, the proxy PCF 30 and
the Access Router 34 set up a proxy PCF-AR tunnel for
the mobile terminal’'s PPP frames, as illustrated in Figure
14. The proxy PCF 30 will learn the mobile terminal’s ID
from the Access Router 34, and request an R-P session
be set up on behalf of the mobile terminal 18 with the
PDSN 20 using the mobile terminal’s ID, as illustrated in
Figure 15. The proxy PCF 30 will create a mapping be-
tween the mobile terminal’s ID and the R-P data session
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ID to create a communication path between the Access
Router 34 and the PDSN 20 via the proxy PCF 30, as
illustrated in Figure 16. The mobile terminal 18 will initiate
a PPP session negotiation with the PDSN 20 over the
established path, in the same manner as if the data ses-
sion were initiated via the cdma2000 interface. The mo-
bile terminal 18 is then authenticated with the PDSN 20
as per the cdma2000 standard.

[0036] Accordingly, communication sessions may be
set up and initiated via WLAN access or cdma2000 ac-
cess, and once established, handoffs may take place as
described above in an efficient and effective manner with-
out losing the PPP session or requiring substantial over-
haul of the existing cdma2000 network infrastructure. Ap-
plication of the concepts of the present invention may be
applied to various cellular communication technologies
and wireless local area network technologies using dis-
parate communication technologies and protocols. As an
example, the concepts of the present invention may be
applied to Nortel Networks Limited’s Universal Mobile
Telecommunications System (UMTS).

[0037] As noted above, the transition from WLAN ac-
cess to cdma2000 access may be performed when the
mobile terminal 18 is in a dormant or inactive state and
a radio channel has not been assigned to the mobile ter-
minal 18. In an alternative embodiment, an additional
one-bit field is provided in the cdma2000 "origination"
message to allow the mobile terminal 18 to indicate that
an inter-technology handoff is occurring. Providing the
extra field improves the performance of the handoff in
the WLAN-to-cdma2000 direction. Without this additional
flag, the handoff in the WLAN-to-cdma2000 direction
should be performed only while the cdma2000 connec-
tion between the mobile terminal 18 and the cdma2000
network is dormant. With the flag, the handoff may take
place with an active cdma2000 connection. The pro-
posed invention works well with both simple IP and mo-
bile IP modes of operation in the cdma2000 standard.
[0038] Turning now to Figure 17, a block representa-
tion of a mobile terminal 18 is illustrated as having a con-
trol system 36 associated with a user interface 38, a wire-
less interface 40, and a WLAN interface 42. The user
interface 38 may provide a bi-directional interface with a
user or other system, whereas the wireless interface 40
facilitates wireless communications with the base station
26 via the antenna 28 and the WLAN interface 42 pro-
vides for wireless communications with the Access Point
32. As noted, the control system 36 will cooperate with
the wireless interface 40 and the WLAN interface 42 to
provide the RTSS 44, which is capable of sensing the
presence of cellular and WLAN signals, to decide when
ahandoffshould occur and initiate a handoff as described
above.

[0039] Figure 18 provides a block representation of the
proxy PCF 30, which will include a control system 46
having sufficient memory 48 to run software 50 to facili-
tate tunnels between the PDSN 20 and the Access Rout-
er 34 and otherwise control the packet or frame flow be-
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tween the Access Router 34 and the PDSN 20 as de-
scribed above via one or more network interfaces 52.
[0040] Insummary,the presentinvention adds a proxy
PCF 30 in an existing cellular network to facilitate access
to a WLAN infrastructure, which preferably includes an
Access Router 34 and an Access Point 32. Handoffs be-
tween the proxy PCF 30 and a traditional PCF 24 asso-
ciated with a BSC 22 occur in traditional cdma2000 fash-
ion, wherein the proxy PCF 30 facilitates the necessary
processing of data to and from a format compatible with
WLAN access. The mobile terminal 18 canindependently
decide when to request a handoff between the cellular
access and WLAN access, and the PCF 24 of the BSC
22 will cooperate with the proxy PCF 30 to facilitate the
handoff and establish the appropriate sessions with the
mobile terminal 18.

[0041] Those skilled in the art will recognize improve-
ments and modifications to the preferred embodiments
ofthe presentinvention. All such improvements and mod-
ifications are considered within the scope of the concepts
disclosed herein and the clauses that follow.
Embodiments of the invention may incorporate features
as described in the following numbered clauses:

1. A method for facilitating a handoff between a cel-
lular network and wireless local area network,
WLAN, the method comprising:

a) providing a communication session to a mo-
bile terminal from a packet data serving node
via a first packet control function associated with
a base station controller capable of facilitating
cellular access for the mobile terminal;

b) determining a need for a handoff to provide
the communication session to the mobile termi-
nal via a second packet control function capable
of facilitating WLAN access for the mobile ter-
minal;

c) terminating the communication session to the
mobile terminal via the first packet control func-
tion; and

d) providing the communication session to the
mobile terminal via the second packet control
function such that the handoff of the communi-
cation session occurs from the cellular network
to the WLAN.

2. The method of clause 1 further comprising:

a) establishing a WLAN association between an
Access Router and the mobile terminal;

b) establishing a first data tunnel between the
Access Router and the second packet control
function; and

c) establishing a second data tunnel between
the second packet control function and the pack-
et data serving node wherein the WLAN asso-
ciation, first data tunnel, and second data tunnel



11 EP 2 391 161 A1 12

are associated to provide the communication
session via the second packet control function.

3. The method of clause 2 wherein the communica-
tion session provided via the first packet data func-
tion is facilitated by a radio channel between the mo-
bile terminal and the base station controller associ-
ated with a third data tunnel between the first packet
control function and the packet data serving node
and the step of terminating the communication ses-
sion further comprises removing the third data tunnel
prior to establishing the second data tunnel between
the second packet control function and the packet
data serving node.

4. The method of clause 3 wherein packet flow for
the communication session changes from between
the packet data serving node and the first packet
control function to between the packet data serving
node and the second packet control function.

5. The method of clause 2 wherein establishing the
WLAN association between the access router and
the mobile terminal comprises establishing a wire-
less link between the mobile terminal and an access
point as well as establishing a communication link
between the access point and the second packet
control function.

6. The method of clause 1 further comprising:

a) establishing a first radio channel between the
mobile terminal and the base station controller;
and

b) establishing a first data tunnel between the
first packet control function and the packet data
serving node wherein the first radio channel and
the first data tunnel are associated to provide
the communication session via the first packet
control function.

7. The method of clause 1 further comprising:

a) receiving at the second packet control func-
tion a handoff signal originating from the mobile
terminal to determine a need for the handoff; and
b) signaling the packet data serving node from
the second packet control function to initiate the
handoff by terminating the communication ses-
sion to the mobile terminal via the first packet
control function and providing the communica-
tion session to the mobile terminal via the sec-
ond packet control function.

8. The method of clause 1 further comprising:

a) determining a need for a handoff to provide
the communication session to the mobile termi-
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nal via the first packet control function;

b) terminating the communication session to the
mobile terminal via the second packet control
function; and

c) providing the communication session to the
mobile terminal via the first packet control func-
tion such that the handoff of the communication
session occurs from the WLAN to the cellular
network.

9. The method of clause 1 wherein the cellular net-
work is a cdma2000 network.

10. The method of clause 9 wherein the WLAN is an
802.11-based WLAN.

11. The method of clause 10 wherein the cellular
network is a cdma2000 network.

12. The method of clause 1 wherein the communi-
cation session is at least in part facilitated using a
point-to-point protocol.

13. A method for facilitating a handoff between a
wireless local area network, WLAN, and a cellular
network, the method comprising:

a) providing a communication session to a mo-
bile terminal from a packet data serving node
via a first packet control function capable of fa-
cilitating WLAN access for the mobile terminal;
b) determining a need for a handoff to provide
the communication session to the mobile termi-
nal via a second packet control function associ-
ated with a base station controller capable of
facilitating cellular access for the mobile termi-
nal;

c) terminating the communication session to the
mobile terminal via the first packet control func-
tion; and

d) providing the communication session to the
mobile terminal via the second packet control
function such that the handoff of the communi-
cation session occurs from the WLAN to the cel-
lular network.

14. The method of clause 13 further comprising:

a) establishing a first radio channel between the
mobile terminal and the base station controller;
and

b) establishing a first data tunnel between the
first packet control function and the packet data
serving node wherein the first radio channel and
the first data tunnel are associated to provide
the communication session via the first packet
control function.
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15. The method of clause 14 wherein the communi-
cation session provided via the first packet data func-
tion is facilitated by a WLAN association between an
Access Router and the mobile terminal, a second
data tunnel between the Access Router and the sec-
ond packet control function, and a third data tunnel
between the second packet control function and the
packet data serving node; and the step of terminating
the communication session further comprises re-
moving the third data tunnel prior to establishing the
second data tunnel.

16. The method of clause 15 wherein packet flow for
the communication session changes from between
the packet data serving node and the first packet
control function to between the packet data serving
node and the second packet control function.

17. The method of clause 13 further comprising:

a) establishing a WLAN association between an
access router and the mobile terminal;

b) establishing a first data tunnel between the
Access Router and the first packet control func-
tion on behalf of the mobile terminal; and

c) establishing a second data tunnel between
the first packet control function and the packet
data serving node wherein the WLAN associa-
tion, first data tunnel, and second data tunnel
are associated to provide the communication
session via the first packet control function.

18. The method of clause 17 wherein establishing
the WLAN association between the access router
and the mobile terminal comprises establishing a
wireless link between the mobile terminal and an ac-
cess point as well as establishing a communication
link between the access point and the second packet
control function.

19. The method of clause 13 further comprising:

a) receiving at the second packet control func-
tion an origination signal originating from the mo-
bile terminal to determine a need for the handoff;
and

signaling the packet data serving node from the
second packet control function to initiate the
handoff by terminating the communication ses-
sion to the mobile terminal via the first packet
control function and providing the communica-
tion session to the mobile terminal via the sec-
ond packet control function.

20. The method of clause 13 wherein the origination
signal from the mobile terminal includes information
indicative of the handoff from the WLAN network to
the cellular network.
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21. The method of clause 13 further comprising:

a) determining a need for a handoff to provide
the communication session to the mobile termi-
nal via the first packet control function;

b) terminating the communication session to the
mobile terminal via the second packet control
function; and

c) providing the communication session to the
mobile terminal via the first packet control func-
tion such that the handoff of the communication
session occurs from the cellular network to the
WLAN.

22. The method of clause 13 wherein the cellular
network is a cdma2000 network.

23. The method of clause 22 wherein the WLAN is
an 802.11-based WLAN.

24. The method of clause 23 wherein the cellular
network is a cdma2000 network.

25. The method of clause 13 wherein the communi-
cation session is at least in part facilitated using a
point-to-point protocol.

26. A method for facilitating a handoff between a
cellular network and a wireless local area network,
WLAN, comprising:

a) providing a communication session to a mo-
bile terminal via a first packet control function;
b) determining a need for a handoff to provide
the communication session to the mobile termi-
nal via a second packet control function; and
c) providing the communication session to the
mobile terminal via the second packet control
function, the first packet control function facili-
tating the communication session between a
packet data serving node and the mobile termi-
nal via one of a cellular access or WLAN access
and the second packet control function facilitat-
ing the communication session via an other of
the cellular access or WLAN access.

27. The method of clause 26 wherein the cellular
network is a cdma2000 network.

28. The method of clause 27 wherein the WLAN is
an 802.11-based WLAN.

29. The method of clause 28 wherein the cellular
network is a cdma2000 network.

30. The method of clause 26 wherein the communi-
cation session is at least in part facilitated using a
point-to-point protocol.
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31. Asystemfor facilitating a handoff between a wire-
less local area network, WLAN, and a cellular net-
work, the system comprising:

a) at least one network interface; and
b) a control system associated with the at least
one interface and adapted to:

i) determine a need for a handoff to provide
a communication session to a mobile termi-
nal, which is being provided the communi-
cation session via a packet control function
associated with a base station controller ca-
pable of facilitating cellular access for the
mobile terminal;

ii) send a message to a packet data serving
node to facilitate a handoff from the packet
control function network; and

iii) establish a WLAN association with the
mobile terminal and a first data tunnel with
a packet data control serving node to pro-
vide the communication session between
the mobile terminal and the packet data
serving node.

32. The system of clause 31 wherein once the WLAN
association with the mobile terminal is established,
the control system is further adapted to cooperate
with the packet data serving node to terminate the
first data tunnel with the packet data serving node
to facilitate a handoff to the packet control function.

33. The system of clause 31 wherein the control sys-
tem is adapted to establish the WLAN association
by establishing a communication link with an Access
Router, which further establishes a wireless link with
an Access Point providing a wireless link with the
mobile terminal.

34. The system of clause 31 wherein the control sys-
tem determines a need for the handoff upon receiv-
ing an origination signal originating from the mobile
terminal.

Claims

A wireless communication terminal, comprising:

a cellular communication interface operable to
communicate with a cellular network infrastruc-
ture;

a WLAN communication interface operable to
communicate with a wireless local area network
(WLAN) infrastructure; and

a radio technology sensor and switcher (RTSS)
cooperable with the cellular and WLAN commu-
nication interfaces:
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to determine which of the cellular commu-
nication interface and the WLAN communi-
cation interface to use for communications;
and

to communicate with the cellular network in-
frastructure via the cellular communication
interface and with the WLAN infrastructure
via the WLAN communication interface to
transition the terminal from communicating
over one of the cellular communication in-
terface and the WLAN communication in-
terface to communicating over the other of
the cellular communication interface and
the WLAN communication interface.

2. A terminal as defined in claim 1, wherein:

the RTSS is cooperable with the cellular com-
munication interface to detect the presence and
strength of cellular signals from the cellular net-
work infrastructure;

the RTSS is cooperable with the WLAN commu-
nication interface to detect the presence and
strength of WLAN signals from the WLAN infra-
structure;

the RTSS is operable to determine from the de-
tected presence and strength of cellular and
WLAN signals to determine which of the cellular
communication interface and the WLAN com-
munication interface to use for communications;
and

the RTSS is operable to exchange signals with
the cellular network infrastructure via the cellular
communication interface and with the WLAN in-
frastructure via the WLAN communication infra-
structure to initiate a handoff of the terminal from
being served by one of the cellular network in-
frastructure and the WLAN infrastructure to be-
ing served by the other of the cellular infrastruc-
ture and the WLAN infrastructure.

A terminal as defined in claim 1 or claim 2, wherein
the RTSS is cooperable with the cellular communi-
cation interface and the WLAN communication inter-
face to transition the terminal from being served by
the cellular network infrastructure via the cellular
communication interface to being served by the
WLAN infrastructure via the WLAN communication
interface.

A terminal as defined in claim 1 or claim 2, wherein
the RTSS is cooperable with the cellular communi-
cation interface and the WLAN communication inter-
face to transition the terminal from being served by
the WLAN infrastructure via the WLAN communica-
tion interface to being served by the cellular network
infrastructure via the cellular communication inter-
face.
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A terminal as defined in claim 4, wherein the RTSS
is operable to trigger a dormant-to active transition
procedure via the cellular communication interface
while transitioning the terminal from being served by
the WLAN infrastructure to being served by the cel-
lular network infrastructure.

A terminal as defined in claim 5, wherein the RTSS
is cooperable with the cellular communication inter-
face to send a cellular network originating message
to the cellular network infrastructure, the origination
message including an indication that an inter-tech-
nology handoff is occurring.

A method of operating a wireless communication ter-
minal, the method comprising:

establishing at the mobile terminal a communi-
cation session with one of a cellular network in-
frastructure via a cellular communication inter-
face of the terminal and a wireless local area
network (WLAN) infrastructure via a WLAN
communication interface of the terminal;
determining at the terminal which of the cellular
communication interface and the WLAN com-
munication interface to use for communications;
and

communicating with the cellular network infra-
structure via the cellular communication inter-
face and with the WLAN infrastructure via the
WLAN communication interface to transition the
terminal from communicating over one of the
cellular communication interface and the WLAN
communication interface to communicating over
the other of the cellular communication interface
and the WLAN communication interface.

8. A method as defined in claim 7, further comprising:

detecting the presence and strength of cellular
signals from the cellular network infrastructure;
and

detecting the presence and strength of WLAN
signals from the WLAN infrastructure; wherein
the terminal determines which of the cellular
communication interface and the WLAN com-
munication interface to use for communications
from the detected presence and strength of cel-
lular and WLAN signals.

A method as defined in claim 8, wherein the terminal
communicates with the cellular network infrastruc-
ture via the cellular communication interface and with
the WLAN infrastructure via the WLAN communica-
tion interface to transition the terminal from commu-
nicating over one of the cellular communication in-
terface and the WLAN communication interface to
communicating over the other of the cellular com-
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10

10.

11.

12.

13.

14,

15.

munication interface and the WLAN communication
interface by exchanging signals with the cellular net-
work infrastructure via the cellular communication
interface and with the WLAN infrastructure via the
WLAN communication infrastructure to initiate a
handoff of the terminal from being served by one of
the cellular network infrastructure and the WLAN in-
frastructure to being served by the other of the cel-
lular infrastructure and the WLAN infrastructure.

A method as defined in any of claims 7 to 9, wherein
the terminal communicates with the cellular network
infrastructure and with the WLAN infrastructure to
transition the terminal from being served by the cel-
lular network infrastructure via the cellular commu-
nication interface to being served by the WLAN in-
frastructure via the WLAN communication interface.

A method as defined in any of claims 7 to 9, wherein
the terminal communicates with the cellular network
infrastructure and with the WLAN infrastructure to
transition the terminal from being served by the
WLAN infrastructure via the WLAN communication
interface to being served by the cellular network in-
frastructure via the cellular communication interface.

A method asdefinedinclaim 11, wherein the terminal
triggers a dormant-to-active transition procedure via
the cellular communication interface while transition-
ing the terminal from being served by the WLAN in-
frastructure to being served by the cellular network
infrastructure.

A method as defined in claim 12, further comprising
sending a cellular network originating message to
the cellular network infrastructure, the origination
message including an indication that an inter-tech-
nology handoff is occurring.

A method of interfacing a Wireless Local Area Net-
work (WLAN) infrastructure to a packet data serving
node of a cellular communication network, the meth-
od comprising:

emulating a packet control function of the cellu-
lar network to establish a communication ses-
sion with the packet data serving node of the
cellular communication network at a packet con-
trol function proxy;

establishing communications with the WLAN in-
frastructure at the packet control function
proxy; and

interfacing the WLAN communications to the
communication session with the packet data
serving node at the packet control function
proxy.

A method as defined in claim 14, further comprising:
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receiving a message from a wireless communi-
cation terminal in a region served by the WLAN
infrastructure requesting a handoff from the cel-
lular network to the WLAN infrastructure;
converting the received message into a mes-
sage requesting a handoff between a packet
control function of the cellular network and the
packet control function proxy, and

forwarding the converted message to the packet
data serving node to initiate a handoff between
the cellular network and the WLAN infrastruc-
ture.

16. A method as defined in claim 14 or claim 15, further

comprising

receiving packets from the WLAN infrastructure,
converting the received packets received into a for-
mat expected by the packet data serving node for
packets received from the cellular communication
network, and forwarding the converted packets to
the packet data serving node; and

receiving packets from the packet data serving node,
converting the received packets into aformat expect-
ed by the WLAN infrastructure, and forwarding the
received packets to the WLAN infrastructure.

17. A method as defined in claim 16, wherein:

the packets received from the WLAN infrastruc-
ture comprise packets received from a wireless
communication terminal served by the WLAN;
and

the packets received from the packet data serv-
ing node comprise packets destined for the wire-
less communication terminal served by the
WLAN.

18. A method as defined in claim 17, further comprising:

establishing a tunnel in the WLAN infrastructure
for communication with the wireless communi-
cation terminal;

establishing a tunnel to the packet data serving
node; and

associating the established tunnels to establish
a point-to-point protocol (PPP) session between
the packet data serving node and the wireless
communication terminal.

19. A method as defined in claim 18, further comprising

tearing down the established tunnels on receipt of
at least one message from the packet data serving
node indicating a handoff to a packet control function
of the cellular communication network.

20. A packet control function proxy for connection be-

tween a packet data serving node of a cellular com-
munication network and a wireless local area net-
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work (WLAN) infrastructure, the proxy being opera-
ble:

to emulate a packet control function of the cel-
lular network to establish a communication ses-
sion with the packet data serving node of the
cellular communication network at a packet con-
trol function proxy;

to establish communications with the WLAN in-
frastructure at the packet control function proxy;
and

to interface the WLAN communications to the
communication session with the packet data
serving node at the packet control function
proxy.

21. A proxy as defined in claim 20, further operable:

to receive a message from a wireless commu-
nication terminal in a region served by the WLAN
infrastructure requesting a handoff from the cel-
lular network to the WLAN infrastructure;
toconvertthe received message into a message
requesting a handoff between a packet control
function of the cellular network and the packet
control function proxy, and

to forward the converted message to the packet
data serving node to initiate a handoff between
the cellular network and the WLAN infrastruc-
ture.

22. A proxy as defined in claim 20 or claim 21, further

operable:

to receive packets from the WLAN infrastruc-
ture, converting the received packets received
into a format expected by the packet data serv-
ing node for packets received from the cellular
communication network, and forwarding the
converted packets to the packet data serving
node; and

to receive packets from the packet data serving
node, converting the received packets into for-
mat expected by the WLAN infrastructure, and
forwarding the received packets to the WLAN
infrastructure.

23. A proxy as defined in claim 22, wherein:

the packets received from the WLAN infrastruc-
ture comprise packets received from a wireless
communication terminal served by the WLAN;
and

the packets received from the packet data serv-
ing node comprise packets destined for the wire-
less communication terminal served by the
WLAN.
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24. A proxy as defined in claim 23, further operable:
to establish a tunnel in the WLAN infrastructure
for communication with the wireless communi-
cation terminal; 5
to establish a tunnel to the packet data serving
node; and
to associate the established tunnels to establish
a point-to-point protocol (PPP) session between
the packet data serving node and the wireless 70
communication terminal.
25. A proxy as defined in claim 24, further operable to
tear down the established tunnels on receipt of at
least one message from the packet data serving 75

node indicating a handoff to a packet control function
of the cellular communication network.
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